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Considerable excitement and interest have arisen recently concerning the role that acute emotional triggers may play in precipitating a
myocardial infarction (MI). Observational studies have found repeatedly that patients report excessive anger, anxiety, sadness, grief, or
acute stress immediately prior to onset of MI, and recent meta-analyses summarizing these findings reported strong associations
between MI occurrence and many of these acute emotions. However, it is unclear whether and through what mechanisms acute emotional
triggers might influence MI, and whether there is any clinical utility in knowing if or how emotions trigger MI. We debate whether emotional
triggers matter by reviewing the recent evidence for the association between acute emotional triggers and MI and by describing the potential
pathophysiological characteristics and mechanisms underlying this association and the preventive strategies that could be used to mitigate the
risk of acute MI. We also examine whether the study of emotional triggers could influence clinical risk management or changes in clinical
practice/management. We offer suggestions for research that might shed light on whether emotional triggers could initiate a paradigm
shift in preventive cardiology, or whether acute emotional triggers are either intractable catalysts for, or merely an epiphenomenon of,
some MIs.
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An acute trigger refers to an event or reaction to an event in the
immediate moments or hours before the onset of a myocardial in-
farction (MI).1,2 In recent years, a number of such triggers, including
environmental factors, patient behaviours, and extreme emotional
reactions, have been studied for their proximate association to MI
onset.1,3,4 These triggers—which may in turn cause an extreme
emotional disturbance—range from external events of short dur-
ation, such as earthquakes5 –9 or a beloved team’s loss of a football
match,4,10 to acute manifestations of more chronic internal emo-
tional dispositions.11,12 While a number of methods have been
used to study acute triggers, the best method used to date has
been a retrospective case-crossover study design comparing the
reported occurrence of a trigger in the hours preceding MI
onset (called the hazard period) with the expected frequency of
this trigger using matched (non-hazard period) historical control
data from the same patient. Excellent reviews of the effect of
environmental and behavioural triggers on acute cardiovascular
events have been published.13,14
Chronic psychological disorders such as depression and anxiety
are known to increase the risk of long-term cardiovascular disease
(CVD),15 but recent meta-analyses suggest that MI occurrence is
strongly associated with acute experiences of anger, anxiety,
sadness, grief, and stress.13,16 There is also some evidence that
patients who experience an MI triggered by acute emotions fare
worse psychologically after the MI.17 Tofler and Muller18 laid out
potential public health strategies to counter the risk associated
with all of the physical and emotional triggers then known, and
Nawrot13 systematically reviewed all known triggers for MI.
Herein, we consider recent observational and mechanistic re-
search specifically on emotional triggers, and we offer the argu-
ment for, and against, whether they warrant clinical attention.
We believe that carefully delineating the reasoning for, and
against, the position that emotional triggers matter allows the
next generation of research to be conducted more systematically.
Thus, we focus on the acute experiences of anger, depression/
sadness/grief, and anxiety as triggers of MI. Other types of
stress-induced cardiac events (e.g. Takotsubo cardiomyopathy)
deserve attention, but are not considered here.
To identify all relevant articles and avoid bias in the review, we
conducted searches in MEDLINE and PsycINFO, with all variations
on the association between emotional and psychosocial factors
and CVD, key subject headings and text words combined, and all
languages and study designs considered. We subsequently con-
ducted weekly systematic scans of a wide range of journal titles
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in the areas of general medicine, cardiology, health psychology, and
psychiatry, as well as databases and websites for systematic reviews
and meta-analyses.
A summary of the strength of the association between episodes
of acute negative emotions and acute MI1 is given in Figure 1. The
role of anger as a trigger for acute cardiovascular events has been
studied most extensively, although observations of the strength of
the association have varied widely. For example, Mittleman et al.11
found that the odds ratio for an MI within 2 h of an anger episode
was 2.3 [95% confidence interval (CI), 1.7–3.2] using the retro-
spective case-crossover design, whereas Möller et al.19 estimated
that individuals were 9.0 (95% CI, 4.4–18.2) times more likely to
experience an MI in the hour after an episode of anger than at
other times using similar study methods.
Also using the retrospective case-crossover design, Steptoe
et al.13 demonstrated that the risk of MI was 2.5 (95% CI,
1.1–6.6) times greater in the 24 h following an acute episode of
depressed mood. In this population, the relative risk of MI
increased with increasing chronic depressive symptom severity,
suggesting that background levels of long-term emotional experi-
ence may increase the impact of acute negative emotions on
acute MI occurrence. More recently, Mostofsky et al.3 demon-
strated a 21-fold increased (95% CI, 13.1–34.1) incidence rate of
acute MI within 24 h of the death of a significant person, a risk
that declined steadily on each subsequent day. Importantly, for
individuals at low (5%) 10-year MI risk, the absolute risk of MI asso-
ciated with grief was 1 excess MI per approximately 1400 exposed,
but for individuals at high (20%) 10-year MI risk, the grief-related
risk was much higher (1 per 320 individuals exposed).2 This sug-
gests that acute emotional triggers may matter most in individuals
with an elevated baseline risk for CVD.
Although anxiety has received less attention, there is some evi-
dence to support its role as an acute trigger of MI. Mittleman
et al.12 found that patients reported significantly higher levels of
anxiety during the 2 h hazard window prior to an MI than during
comparison control periods. In that study, the risk of MI was
1.6 times greater (95% CI, 1.1–2.2) for patients with high levels
of chronic anxiety.11 Additionally, in a recent study of the effect
of dream anxiety on MI occurrence, Selvi et al.20 found an associ-
ation in univariate analyses between sleep anxiety, disrupted sleep,
and near-term MI risk.
This focused literature review suggests that it may be important
to study acute emotional triggers of MI, and that further study of
these triggers may even provide some insight into how long-term
emotional states contribute to CVD risk. However, methodologic-
al concerns regarding the influence of recall bias on the reporting
of acute emotional triggers, and conceptual ambiguity regarding
the relationship between trigger frequency and baseline cardiovas-
cular risk have led some to wonder whether emotional triggers
warrant further investigation. A recent meta-analysis by Nawrot
et al.13 found that only about 1.2–2.7% of patients were
exposed to anger and negative emotions such as depression and
anxiety during the window of risk prior to their MI (pooled
odds ratio, 3.11–4.46). Thus, a debate as to whether acute emo-
tional triggers are worthy of our collective attention is warranted.
Table 1 presents the primary arguments for and against the
proposition that emotional triggers of MI should be a major
focus of research and clinical practice.
Arguments that acute emotional
triggers matter
Arguments in favour of a focus on acute emotional triggers suggest
that they are important for the field in four distinct ways. First, they
may represent the final step in a pathophysiological pathway that
culminates in a frank occlusion/thrombosis, either by triggering
the occlusion through vasoconstriction, or by exacerbating an
already ongoing occlusion through prothrombotic effects. If they
are causally implicated in this final step of triggering transient
vasoconstrictive and/or prothrombotic effects, by studying experi-
mental or naturalistic exposure to acute emotions, we can begin to
understand the neuroendocrine/vascular/thrombotic reactions to
emotion that might then be targets for future novel and preventive
therapies.
Second, although conventional cardiovascular risk factors explain
much of the variance in who will ultimately develop CVD,21 they
do not predict well who will develop disease imminently3 or
when an MI will occur. The study of emotional triggers offers the
possibility of 1 day isolating the 2 h window in which a given
patient’s MI will occur. By including the report of emotional
triggers in future cohort and randomized clinical trials, we might
improve our predictive models.22
Third, acute emotional triggers cause an MI in some but not
all persons. Investigating who is and who is not vulnerable to
these types of acute emotional triggers—genetically, by type of
vulnerable atherosclerotic plaque, or by type of microvascular
Figure 1 Associations of four emotional triggers and occurrence of acute myocardial infarctiona. aData are taken from Nawrot et al.13
bBars indicate 95% confidence intervals.
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disease—could reveal which patients are at risk of an MI in the near
term.3 This investigation could lead to both pathophysiological
insights and new inputs to improve risk stratification.
Fourth, once acute emotional triggers and their mechanisms of
action are understood and patients at risk are identified, strategies
could be crafted for preventing or minimizing risk from these
triggers. Although it is difficult to speculate on the types of inter-
ventions that would be useful, examples of possible prevention
strategies include prophylactic therapies for high-risk populations,
such as offering anger or stress management or prescribing
b-adrenergic blocking agents prophylactically or advocating avoid-
ance of the known trigger(s).18
Arguments that acute emotional
triggers do not matter
While the arguments in favour of increased attention to acute
emotional triggers are compelling, there are formidable counterar-
guments. The most glaring concern about the proliferation of
research on the putative link between emotional triggers and near-
term MI risk is the possibility that this association may be epiphe-
nomenal. For example, risk factors such as anaemia are common
to both acute coronary syndrome (ACS) risk and negative
mood states,23 and so acute emotional triggers may only be epi-
phenomenal , and it is the anaemia that caused both the ACS
and the exacerbation of negative mood. It is also possible that
retrospective reports of emotional triggers are reflections of
patients’ ideas about cardiac event causation,24–26 known in the
field of behavioural medicine as illness perceptions.27 As long as
researchers rely on designs featuring retrospective reports
without control cohorts, it will be impossible to rule out the possi-
bility that reports of emotions as triggers reflect little more than the
fact that some patients believe a priori that heart disease is caused by
strong negative emotions.28 The use of case-crossover designs in
recent studies of bereavement and cardiac events1,2 is an improve-
ment over earlier approaches, but this design is still subject to
reporting bias; that is, when two major events occur that may be
cognitively linked a priori, they may be recalled as more proximate
to each other than they actually were. This is particularly true for
cardiac events, which often induce extreme emotions.29
As such, we know very little about the prevalence or severity of
the naturally occurring acute emotional triggers. Ecological mo-
mentary assessment (EMA; i.e. the automatic alerting of partici-
pants to record subjective reports) results can now be collected
on a multitude of devices with minimal interference with daily ac-
tivities.30 Such patient-reported measures are now considered by
the US Food and Drug Administration to represent the gold stand-
ard method of measurement for subjective phenomena,31 such as
the experience of emotion. Use of EMA methods in a naturalistic
study from a representative sample could tell us the prevalence of
severe acute emotional triggers in apparently healthy persons.
Further, even though the required sample size would be quite
large, asking those at high risk for an MI (a very high FRS score)
and those at risk for another acute hospitalization (for diagnoses
other than MI) to complete EMAs of acute emotions across
several weeks or months by adding EMA to large, ongoing epidae-
miological studies (e.g. MESA,32 ARIC,33 REGARDS34) would be a
pragmatic way to gather data on those emotions that trigger an MI
without incurring large costs. In contrast, the number of partici-
pants required to capture data on emotions immediately prior to
a first MI would be prohibitively large. Obviously, if the prevalence
of acute emotional triggers is similar in the periods immediately
prior to an MI and those not immediately prior to an MI, then
the acute triggers did not precipitate the MI. This type of study
would be invaluable for determining if triggers might still be
viewed as potentially causal or whether the field should move to
other avenues of investigation instead.
It is also possible that emotional triggers exist and are reported
accurately but should be thought of as emotional indicators of
cardiac event onset, or prodromes. Some have suggested that
the sudden surge in inflammation during the onset of ACS35 may
account for the acute negative emotions reported by patients,26
as inflammation has been shown to induce negative emotions
acutely.36
Methodological issues aside, it might still be the case that emo-
tional triggers do not matter because there is nothing to be done
about them that we are not already doing.18 Even the most convin-
cing research suggests that emotions trigger an MI mostly in high-
risk patients who are already targeted for risk factor management,
and no treatment yet exists to mitigate the biochemical conse-
quences of natural emotions such as grief. Stated differently,
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Table 1 Arguments for and against the importance of emotional triggers of myocardial infarction
Issue Emotional triggers matter Emotional triggers don’t matter
1. Causal implications Retrospective case-crossover suggest possible
cause of MI1,13,26,65
Appearance of causality is epiphenomenal, or a product
of recall bias24
2. Pathophysiology May be implicated in all stages of disease
process53
Merely accelerate existing disease processes66
3. Risk stratification Increased accuracy in predicting risk for
and timing of MI56
Vast majority of emotional experiences are identical to
triggers, but do not result in MI65
4. Therapy Understanding emotional triggers could lead
to novel therapies26
Those at greatest risk for emotional triggers are already
being treated with the therapies that work best—and
very little evidence that interventions decrease
emotional triggers67
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since we cannot predict the occurrence of acute strong emotions,
efforts should focus instead on traditional, recognized risk factors
that we can reliably identify and act on.
Were we to accept that emotions do trigger events, that they
can be predicted, and that no practical issues will stop us from
preventing them, we might still conclude that emotional triggers
do not matter because the attributable risk is small. While risk
ratios for cardiac events associated with emotional triggers vary
between 1.911 and 21,2 the proportion of MI patients subject to
those risks is small, suggesting that the proportion of individuals
at risk for an emotionally triggered MI may not be substantial.
There is a counterargument that the much smaller population
attributable fraction for influenza and respiratory infection as an
acute MI trigger37 has generated substantial justified interest.
However, interest in an infectious disease that initiates contact
between the patient and medical treatment, and for which treat-
ments exist, is importantly distinct from a relatively common emo-
tional experience for which no similarly effective treatments exist.
Finally, the effect of acute emotional triggers on acute MI
occurrence is likely not uniform and may be modified by multiple
factors. Figure 2 applies the recent conceptual model introduced by
Wittstein38 to represent the potential interactions between base-
line cardiovascular risk, underlying non-cardiovascular vulnerabil-
ities, intensity of emotional triggers, and risk of acute MI. One
example of the potential complex interplay of these factors is
the use of tricyclic antidepressants, which have been linked to
increased CVD events, independent of concomitant mood disor-
ders.39 As some of the cardiotoxic effects of tricyclic antidepres-
sants may operate through haemodynamic pathways similar to
those affected by emotional triggers,40 the relationship between
emotional triggers and MI may be stronger in patients taking tricyc-
lic antidepressants, regardless of baseline risk determined by the
Framingham risk score (FRS). Similarly, mood disorders such as
depression have been repeatedly associated with CVD risk,41
which may also strengthen the relationship between acute
emotional triggers and acute MI occurrence. In this example, it
becomes difficult to identify the MI risk attributable to emotional
triggers in the presence of concomitant mood disorders and
pharmacotherapy that may also increase MI risk.
Mechanisms
Animal studies suggest that stressors presumed to provoke acute
negative emotions affect cardiovascular physiological characteris-
tics and risk of sudden cardiac death through haemodynamic and
electrophysiological pathways.
Some of the haemodynamic effects of acute psychological
stressors have been described in the prairie vole, an animal with
patterns of autonomic nervous system activation and social
interaction similar to those of human and non-human primates.
Grippo et al.42 described a greater increase in heart rate and a
lack of heart rate variability in response to an acute crowding stres-
sor (thought to provoke anxiety) among voles subjected to social
isolation compared with voles allowed to exist in their normal
monogamous pairings. Similarly, Stojičić et al.43 reported marked
increases in systolic blood pressure, diastolic blood pressure, and
heart rate in rats following a startle response to a jet airplane stres-
sor, also thought to provoke anxiety, and found that this response
was markedly attenuated following selective intracerebral blockade
of the V1/V2 vasopressin receptors. Further, Cyr et al.44 reported
that birds captured in the wild demonstrated marked increases in
heart rate and decreases in heart rate variability in response to the
capture stress.
Other investigations have described cardiac electrical instability
and risk of irregular ventricular rhythms, and possibly cardiac
arrest, in response to different acute laboratory stressors. In one
early study, Skinner et al.45 studied the effects of varying degrees
of acute psychological stress thought to provoke anxiety in pigs
on the occurrence of ventricular fibrillation following coronary
artery occlusion. Pigs acclimatized to the stress of an unfamiliar
Figure 2 Theoretical model of the interaction of baseline risk of cardiovascular disease and intensity of acute emotion on triggering of acute
myocardial infarction. FRS, Framingham risk score; MI, myocardial infarction.
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laboratory environment, again thought to provoke acute anxiety,
were significantly less likely than pigs newly introduced to the
laboratory to develop ventricular fibrillation in response to occlu-
sion of the left anterior descending coronary artery. In two
studies,38,39 Sgoifo et al. reported that the stress of defeat
(an acute exposure to depression) in an intruder-resident paradigm
in rats was the most potent stimulus for catecholamine increase and
ventricular arrhythmias.46,47 Increased ventricular arrhythmogenesis
was also demonstrated following the stress of acute crowding
in prairie voles following social isolation.42 Evidence from animal
research studies clearly demonstrates that acute emotional stressors
have important haemodynamic and electrophysiologic effects.
However, we believe that the relative dearth of animal studies in
this area48 even though there are multiple, well-accepted emotion
induction manipulations for various species,49 suggests that the inter-
section of emotion, heart, and pathophysiological studies in animals
is a neglected area and one that could serve us well in truly under-
standing if emotional triggers matter for MI onset in humans.
The extant research in animals may be applicable to humans, and
they suggest that the strongest argument for a focus on acute
emotional triggers in humans appears to lie in their potential as
a fenestra into the mechanisms by which emotions influence
cardiac events. Many of the putative mechanisms underlying emo-
tional triggers and MI risk can be drawn from laboratory studies of
the relationship between mental stress and myocardial ischae-
mia.50,51 In general, these studies use standardized protocols of
laboratory psychological stress, such as public speaking, mental
arithmetic, or Stroop colour-word tasks, to provoke mental
stress, followed by the evaluation of markers of cardiac ischaemia,
such as ischaemic patterns on surface electrocardiogram, abnor-
malities in left ventricular wall motion, and myocardial perfusion
defects on nuclear scintigraphy.50– 52
In humans, emotional triggers lead to activation of the sympa-
thetic branch of the autonomic nervous system, the cardiovascular
effects of which occur predominantly through two pathways: (i)
alterations in haemodynamics and (ii) alterations in haemostasis.
Alterations in haemodynamics and in haemostasis lead to coronary
artery thrombosis either through direct haemodynamic effects
on the vulnerable atherosclerotic plaque or through activation of
procoagulant factors and de novo thrombosis.1
Emotional triggers lead to neurohormonal activation, which
has both systemic and local haemodynamic effects. First, the neu-
rohormonal response to an emotional trigger leads to systemic
vasoconstriction and an increase in arterial blood pressure.53
Second, this response increases sinus node firing rates and atrio-
ventricular conduction velocity, increasing heart rate. Increases in
heart rate and blood pressure lead to increases in myocardial
oxygen consumption and myocardial work and may precipitate
rupture of vulnerable atherosclerotic plaque.54 Third, the systemic
neurohormonal effects of emotional triggers lead to decreases in
heart rate variability (largely through decreases in parasympathetic
tone), a known risk factor for cardiovascular morbidity and
mortality.55 The haemodynamic effects of emotional triggers act
in concert with the two main local neurohormonal effects of
emotional triggers.
The haemostatic and procoagulant effects of emotional triggers
can be grouped into three categories. First, emotional triggers
increase platelet activity and aggregation, largely through activation
of the sympathetic nervous system and the effects of catechola-
mines on platelet function and aggregation.56 Second, emotional
triggers increase levels of immunomodulatory, proinflammatory
cytokines that lead to atherosclerotic plaque destabilization and
monocyte chemotaxis, tissue factor release, and thrombus forma-
tion; endothelin, a potent procoagulant, is also released through
this process.57 Third, acute emotional triggers may lead to
changes in blood viscosity, likely through stimulating the hepatic
production of fibrinogen, an acute-phase protein important in
both coagulation and whole blood viscosity.57
There are established experimental protocols for inducing acute
negative (and positive) emotions in humans, as well as in animals,
and these have been used relatively sparsely in explicitly testing
the mechanisms hypothesized to link acute emotional triggers to
MI onset. Furthermore, investigators have rarely explicitly tested
these mechanisms in participants with high FRS, who are most
likely to be at high risk for acute emotional triggers. Thus, random-
izing a patient with a high FRS to experience (in counterbalanced
order) a neutral mood vs. acute sadness vs. acute anxiety vs.
acute anger while assessing the putative mechanisms could defini-
tively disprove some hypothesized pathways, while proving others.
In a different study, using the same protocol, immediate post-MI
participants could be compared with those without an MI for dif-
ferences in hyperresponsivity. The use of standard cardiovascular
medication after MI (such as b-blockers) may obfuscate the
results of this testing paradigm, and there are ethical reasons not
to withhold medications from these patients, although the
mental-stress ischaemia literature suggests that these protocols
might be conducted during a brief medication hiatus without incur-
ring untoward cardiovascular risk.58– 60 However, an intriguing
recent hypothesis postulates that the excess risk conferred by
the acute emotional triggers may operate on mechanisms or path-
ways not blocked by the current evidence-based cardiac regimen
(e.g. 5HTA platelet aggregation),61 and therefore these pathways
could be ethically tested in post-MI patients. One excellent
example of this type of research was conducted by Strike
et al.,53 who carried out acute stress testing in ACS patients, and
found that those who reported an emotional trigger of their
ACS showed significantly greater increases in monocyte-platelet,
leucocyte-platelet, and neutrophil-platelet aggregation in response
to stress relative to the non-trigger group.
Regardless of the mechanism, the MI risk associated with emo-
tional triggers varies by baseline CVD risk. Thus, as described by
Mittleman and Mostofsky,1 the absolute impact of acute emotional
triggers will be greater among individuals with an elevated baseline
CVD risk, such that the effect of two episodes of anger daily would
vary from approximately one excess cardiovascular event per 1000
person-years in a low-risk population (10-year FRS of 5%) to
approximately five excess cardiovascular events per 1000 person-
years in a high-risk population (10-year FRS of 20%).62 As such,
reduction in cardiovascular risk through management of risk factors
for CVD (such as dyslipidaemia, hypertension, and smoking) may
be an effective means of preventing an emotionally triggered MI.
However, there is also limited evidence to suggest that strategies
specifically targeting emotional triggers and stress management
are effective in MI prevention. Blumenthal et al.58 reported that
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in patients with coronary artery disease and an ischaemic response
to mental stress testing, compared with a regimen of exercise, a
program of stress management led to significant improvements
in left ventricular wall motion during mental stress and to a
reduction in ischaemia during ambulatory monitoring. Tofler and
Muller18 describe a unifying paradigm of triggered acute risk
prevention, in which protocols of stress reduction and/or manage-
ment might play a role—alongside traditional CVD risk modifica-
tion—in prevention of emotionally triggered MI.
Conclusions
In the face of limited research funding, the choice to investigate
acute emotional triggers of MI precludes research related to
other phenomena that may occur more frequently. However,
some research that focuses on very rare phenomena or syndromes
provides great scientific and clinical insight into the cure or preven-
tion of diseases (e.g. Brugada syndrome63 or early repolarization
syndrome64). To determine whether acute emotional triggers
matter, it is perhaps time to test some of the novel hypotheses
and study designs described above (and in Table 2), and so add
high-quality evidence to this interesting debate.
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